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Carbothermal reduction of silica in nitrogen and nitrogen-hydrogen mixture
Abstract
Carbothermal reduction of silica was investigated in a fixed bed reactor at 1300-1650 °C in nitrogen at
1-11 atm pressure and in hydrogen-nitrogen mixtures at atmospheric pressure. Samples were prepared
from silica-graphite mixtures in the form of pellets. CO evolution in the reduction process was monitored
using an infrared sensor; oxygen, nitrogen and carbon contents in reduced samples were determined by
LECO analyses. Phases formed in the reduction process were analysed by XRD. Silica was reduced to
silicon nitride and silicon carbide; their ratio was dependent on reduction time, temperature and nitrogen
pressure. Reduction products also included SiO which was removed from the pellet with the flowing gas.
In the temperature-programmed experiments, reduction of silica started below 1300 °C; the reduction rate
increased with increasing temperature. Silicon carbide was the major product at the early stage of
reduction; a fraction of silicon nitride increased with increasing reaction time. Maximum silicon nitride to
carbide ratio (68.0/9.8 specifically for 720 min) in the reduction of silica in nitrogen at atmospheric
pressure was observed at 1450 °C. Further increase in temperature decreased Si3N4/SiC ratio. When
nitrogen pressure was 11 atm, maximum Si3N4/SiC ratio of 71.4/13.3 was observed at 1550-1600 °C.
Increasing nitrogen pressure increased reduction and nitridation rates and suppressed SiO loss under
otherwise the same conditions.
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CARBOTHERMAL REDUCTION OF SILICA IN NITROGEN
AND NITROGEN-HYDROGEN MIXTURE
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ABSTRACT
Carbothermal reduction of silica was investigated in a fixed bed reactor at 1300-1650°C in
nitrogen at 1-11 aim pressure and in hydrogen-nitrogen mixtures at atmospheric pressure. Samples
were prepared from silica-graphite mixtures in the form of pellets. co evolution in the reduction
process was monitored using an infrared sensor; oxygen, nitrogen and carbon contents in reduced
samples were determined by LECO analyses. Phases formed in the reduction process were analysed
by XRD. Silica was reduced to silicon nitride and silicon carbide; their ratio was dependent on
reduction time, temperature and nitrogen pressure. Reduction products also included SiO which was
removed from the pellet with the flowing gas.
In the temperature-programmed experiments, reduction of silica started below 1300 o e; the
reduction rate increased with increasing temperature. Silicon carbide was the major product at the
early stage of reduction; a fraction of silicon nitride increased with increasing reaction time.
Maximum silicon nitride to carbide ratio (68.0/9.8 specifically for 720 min) in the reduction of
silica in nitrogen at atmospheric pressure was observed at 1450°C. Further increase in
temperature decreased SiJl{,ISiC ratio. When nitrogen pressure was 11 aim, maximum SiJl{,ISiC
ratio of 71.4/13.3 was observed at 1550-1600 0c. Increasing nitrogen pressure increased reduction
and nitridation rates and suppressed SiO loss under otherwise the same conditions.
KEYWORDS: Silica, carbothermal reduction, silicon nitride, silicon carbide.

1.

INTRODUCTION

Silicon nitride has been extensively studied as an advanced ceramic material for high
temperature application due to its excellent high temperature properties: high strength and hardness,
resistance to creep, oxidation, and thermal shock [1-3]. There are several routes to produce silicon
nitride. Commercial ShN4 is manufactured by direct nitridation, Si-diirnide processing, and
carbotherrnal reduction/nitridation. Carbotherrnal reduction/nitridation process has some advantages
which include cheaper raw materials, low level of impurities and solid state conversion. This
process is examined in the present work.
Zhang and Cannon [4] reported a significant Si0 2 reduction at the reaction temperature above
1425°C. Liou and Chang [5] observed that Si02 reduction slowed down after a period time when
the temperature was higher than 1450°C. They suggested that the reactant surface was gradually
covered with the solid product what caused the decline of reduction rate. Boundary temperature for
the silicon nitride synthesis above which silicon carbide is formed is of particular interest. Various
values of this temperature were reported: l450°C [6], l500°C [7], l5l0-1550°C [8], and l590°C
[9].These differences may be due to kinetic considerations [6], impurities in reaction system [4, lOB], and error margins in experimental methods.
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